Abstract-The national laboratories in countries that are latecomers to advanced technological development are considered a significant source of scientific knowledge and technology for local industries that the national government deems strategic and for developing the country's infrastructure. This knowledge comes from both inside and outside the national laboratories. We investigate the relative impact of internal and external sources of knowledge on the performance of the national laboratories of a rapidly developing country, whose stated missions are 1) satisfying the needs of targeted local technology users; 2) commercialization of technology; and 3) developing a long-term R&D capability for the country. We conduct a survey-based study, which covers 208 recently completed R&D projects that span three industries: biotechnology; electronics and computers; materials and nanomaterials. Our study finds that, regardless of mission, knowledge from external sources impacts performance more significantly than internal knowledge does. The impact on performance is greatest when knowledge from internal and external sources is used in conjunction. We consequently make the case for an open innovation policy for the national laboratories in technology latecomer countries and for implementing practices that enhance the capacity to absorb knowledge that flows into the national laboratories from external sources.
I. INTRODUCTION
In most countries, the national laboratories are considered a significant source of scientific knowledge and technology for targeted local industries that the national government deems strategic and for local public agencies that are engaged in developing the country's infrastructure [1] , [2] . In countries that are technological latecomers, 1 the national laboratories tend to lack the experience, expertise and financial resources to perform fundamental research, conduct and applied research and develop advanced technologies [3] - [5] . They consequently depend on external sources of knowledge much more than their counterparts in developed countries do [2] , [6] - [12] . Knowledge from external sources has to be combined with knowledge that resides within the national laboratories for the national laboratories to perform the missions for which they were established. This mandate raises the following question of interest: Which is more important for the performance of national laboratories in technology latecomer countries-internal or external knowledge?
II. BACKGROUND
The national laboratories in technology latecomer countries tend to pursue the following three missions that the government of these countries considers critical: 1) adopt and adapt technology for benefits local industry and public agencies that develop national infrastructure, i.e., organizational entities that will henceforth be referred to as local technology users or LTUs [1] , [2] , [6] - [12] ; 2) commercialize technology for financial benefit of the organizations within the national laboratories themselves [13] ; and 3) retain and sustain technological capability to generate an experience base for the demands of the future of the country [2] , [7] . To succeed at these three missions, the national laboratories need to deliver many successful R&D projects; engage with external sources of knowledge for acquiring new knowledge; as well as establish and strengthen internal R&D units or project groups as a source of internal knowledge that builds up team's capacity to absorb knowledge from outside the project group [14] .
Knowledge that resides within the project group can be developed through deliberate project-internal learning activities (PILAs) [15] - [21] while the project is ongoing. Alternatively internal knowledge can be acquired by engaging in internal and external learning before the project begins. Such knowledge can be about the core technology to be developed in the project or about subject matter related to the context of the project [21] . Knowledge can also be brought into the project group by hiring [22] technical personnel that has extensive work experience pertaining to subject matter that is relevant to the project. Such experienced personnel can be "grafted" [22] from other R&D units (ORDUs) or project groups within the national laboratories, from local technology users or from foreignowned firms.
Knowledge can flow into a project group within the national laboratories directly, if the project group engages in external learning (e.g., [23] ) with a variety of sources. These include ORDUs from inside the national laboratories [23] ; LTUs [25] ; local universities [26] ; and international sources of knowledge such as foreign-owned firms and foreign universities [26] . External learning activities come in one of two flavors: contextual or vicarious [23] .
Contextual Learning Activities (CLAs) consist of scanning the environment for information and ideas about competitors, customers and technological trends [23] - [28] . They enable group members to enhance their awareness of current events that are taking place outside their organization. By contrast, Vicarious Learning Activities (VLAs) consist of group learning through which an organization acquires second-hand experience about its ongoing project from experienced outsiders [20] , [23] , [28] - [31] .
While internal and external learning have been studied extensively and discussed in the academic literature (e.g., [14] - [23] , [28] - [31] ), these phenomena have not been sufficiently investigated in the national laboratories of technology latecomer countries. Yet, it is in settings such as these that external and internal learning can have enormous practical impact because they directly influence national policy. In particular, policy makers in latecomer countries would want to know whether they should invest more in developing internal sources of knowledge or whether they should encourage engagement and new investment in external sources of knowledge to increase the performance of the national laboratories. This paper consequently addresses the following research question: What is the relative impact of internal and external knowledge on the performance of national laboratories in technology latecomer countries?
III. DESCRIPTION OF RESEARCH
To answer the research question from above, we performed an empirical study of external and internal learning in the national laboratories of a particular technology latecomer country, henceforth referred to as NLTLC. We chose NLTLC as a setting for this study because internal and external learning are observable at NLTLC and because achieving missions 1, 2 and 3 from above is stated policy at NLTLC. We conducted a survey of 128 R&D projects managers with the intent of identifying key factors related to external and internal knowledge and its impact on the performance of R&D projects. Thus, R&D projects within NLTLC are the unit of analysis of our study. Our total sample size was 208 R&D projects, which were completed in NLTLC less than two years before the survey was conducted. The survey covers three industries: biotechnology; electronics and computers; and materials and nano-materials. It was administered directly to project managers in a questionnaire. Due to strong support from the director of NLTLC and his executive team, we received a 100% response rate.
The survey contained questions and statements regarding input variables (IVs) and moderating variables (MVs). Input variables address knowledge inflows, whereas moderating variables pertain to knowledge that resides in or is generated within project groups. The project managers responded to questions regarding these variables on a 6-point Likert scale. Questions and statements pertaining to general information about NLTLC and output variables that assess the performance of projects were also included in the survey. They are detailed in tables in Appendix A.1 and Appendix A.2, respectively.
The output variable for mission 1 (OV1) measures the likelihood of doing another project with project group under study on a 6-point Likert scale. The lower sample size of 194 projects for OV1 results from respondents not being able to answer all questions in the survey. The output variable for mission 2 (OV2) is measured by the probability of commercializing a technology from a particular project. The output pertaining to mission 3, long-term R&D capability, is measured by using three criteria: 1) the probability of generating at least one publication from a particular project (OV3.1); 2) the probability of generating one item of intellectual property (patent or copyright) from the project (OV3.2); and 3) the versatility of technology developed as part of a project as measured by numbers of industry applications of that technology that the respondents could identify on a list (OV3.3) (see Appendix B). 2 Appendixes A.3 and A.4 illustrate how the constructs under investigation relate to the codes for the input variables that were measured and the questions in the questionnaire to which they correspond. The table in Appendix A.3 details the constructs, the names of input variables and questions pertaining to contextual learning about other R&D units within the NLTLC; local universities; international sources of knowledge; and local technology users. Appendix A.4 details constructs, variables and questions pertaining to vicarious learning with the same entities.
Appendixes A.5, A.6 and A.7 illustrate how the constructs under investigation relate to the codes for the moderating variables that were measured and the questions in the questionnaire to which they correspond. The table in Appendix A.5 details the constructs, the names of moderating variables and questions pertaining to prior knowledge [22] , i.e. knowledge that resided within the project group before the project began. The table in Appendix A.6 does likewise for project-internal learning activities (PILAs). Appendix A.7 covers the prior educational experience of team members, which could have been accumulated at foreign or domestic universities, as well as prior work experience [21] , which could have been accrued abroad, at local technology users or at other R&D units within NLTLC.
Data analysis consisted of a factor analysis 3 followed by five multiple regression models 4 for each output variable. The factor analysis identified factors that pertained to NLTLC's 2 Appendix B describes 25 potential choices of industry applications for OV3.3. The number of strategic programs in which the output of the project can be applied is translated into an ordinal scale that consists of the following six classes: 1 means the output could not be applied in any strategic program; 2 means the output could be applied in one strategic program; 3 means the output could be applied in two strategic programs, 4 means the output could be applied in three strategic programs, 5 means the output could be applied in 4 strategic programs, and 6 means the output could be applied in more than four strategic programs. 3 Extraction method: Principal Component Analysis. Rotation method: Varimax with Kaiser normalization. 4 Stepwise backward was used for building regression models, because that approach "runs lower risk of missing a predictor that predicts the outcome than the forward method" ( [32] , pp. 160-161), and it works when there are many predictors in the model. internal and external sources of knowledge. The five regression models assessed the relative impact of the factors on the performance of the national laboratories. Model 1, the knowledge inflow baseline, includes factors from outside the project group, only. Model 2.1, the project group baseline, contains factors from inside the project group, only. Model 2.2, the intra-organization baseline, includes factors from inside the national laboratories, i.e., project internal factors and factors pertaining to external learning from other R&D project groups. Model 3, the integrated model, covers all factors from model 1 and 2.1. Model 4, the interaction model, includes almost 5 all factors from model 1 and model 2, as well as their interactions.
The relative impact of internal knowledge and external knowledge on project performance was assessed by benchmarking the model's predictive power and the total variance that the different regression models explained. Benchmarking criteria include R 2 , Adjusted R 2 , and F-ratio for multiple regressions pertaining to OV1 and OV3.3. Logistic multiple regressions had to be run for OV2, OV3.1 and OV3.2, because these output variables were derived from binary data. The Cox & Snell R 2 , the Nagelkerke's R 2 , the Chi-Square and the percentage correct are used for benchmarking the variance explained by and the prediction power of these regressions.
IV. RESULTS
The factor analysis has identified 17 factors, which include all input variables and moderating variables under study (see Appendix C and Appendix D). (The label FIV is assigned to factors composed of input variables; the label MIV is assigned to factors composed of moderating variables.) The factors are orthogonal, so multi-collinearity problems (described in [32] ) did not occur in the regressions that were subsequently performed. Cumulatively, the 17 factors explain 90% of the variance. The constructs of the first 11 factors are reliable, with Cronbach's alpha always being greater than 0.7. The last six factors report no Cronbach's alpha since they are individual variables.
The factor analysis could not identify a truly dominant factor or small group of factors that explain most of the variation. PILA is the most significant factor; the next five factors pertain to vicarious learning activity. The vicarious learning factors are followed by a group of five factors that are either associated with contextual learning or prior knowledge about the subject matter. The list of factors is closed out by six single variables that are either associated with prior experience of various kinds or prior knowledge about the core technology that is under development. Table 1 displays the results of the regression exercise. It shows that the five output variables have different predictive power and explanatory power, and that the regression models that include knowledge inflows tend to have greater explanatory power than the ones that do not. Output variable OV3.2-the probability of generating at least one patent from a project-clearly has the lowest predictive power of all five output variables. The Cox & Snell R 2 and the Nagelkerke's R 2 are below 0.2 for models 1 through 4, meaning that these models cannot explain 20% of the variance. In model 1, the Chi-Square is not significant at the level of p<0.05. The remaining output variables --OV1, OV2, OV3.1 and OV3.3 --have a relatively high explanatory power for models that involve knowledge inflow. However, models 2.1 and 2.2, which exclude all factors that are exogenous to the national laboratories, have a significantly lower explanatory power. When compared to model 1, models 2.1 and 2.2 are particularly weak indicators of user satisfaction, probability of commercialization and probability of publication.
Not surprisingly, the explanatory power of the regression models increases as more variables are added. However, the differences in explanatory powers vary significantly from model to model. Model 3, the integrated model, has a much greater explanatory power than models 1, 2.1 and 2.2; model 4, the interaction model, has a slightly greater explanatory power than model 3. It should also be noted that for output variables OV1, OV2, OV3.1 and OV3.3, model 2.2, the intraorganization baseline, does not show much of an improvement over model 2.1, the project group baseline. Evidently, including knowledge inflows from other R&D project groups in a regression model does not significantly increase the explanatory power of the model.
V. CONCLUSIONS AND DISCUSSION
The empirical study that has been described in this paper finds that, regardless of mission, knowledge from external sources impacts performance more significantly than internal knowledge does. The impact on performance is greatest when knowledge from internal and external sources is used in conjunction. We consequently try to make the case for an open innovation policy [15] for the national laboratories in technology latecomer countries and for implementing practices that enhance the capacity to absorb knowledge [14] that flows into the national laboratories from external sources. We find that our study has normative implications for management practice, which are denoted below.
Firstly, the factor analysis shows that, regardless of knowledge source, vicarious learning activities explain more of the observed variance than contextual learning activities. This implies that the national laboratories could benefit from implementing programs that enhance the ability of individual R&D project groups to learn vicariously, i.e., to engage in face-to-face meetings and develop personal relationships with personnel outside the group. Secondly, our study has shown that the probability of generating a patent (OV3.2) lacks explanatory power, which suggests that patenting is not a strong function of knowledge inflows. Other factors (perhaps economic incentives) drive the generation of a patent. These factors need to be identified and harnessed, if the national laboratories want to make the ability to generate patents a key component of the experience base that responds to the demands of the future of the country.
More importantly, our study finds that the differential in explanatory power between knowledge inflow baseline (model 1) and the project group baseline (model 2.1) was much greater than the one that was observed between the intra-organization baseline (model 2.2) and the project group baseline. This observation suggests that performance (as measured by user satisfaction, success at commercialization, the propensity for publication and versatility of technology) depends significantly more on knowledge inflow into the national laboratories [15] , [26] than on knowledge exchanges between project groups within the national laboratories [24] , [28] - [31] . This implies that the impact of collaborative efforts between R&D project groups within the national laboratories on the performance of these groups is limited. The national laboratories under study must manage inflows from exogenous sources of knowledge to achieve significant improvements in performance. It should be noted that the above differential in explanatory power was observed with statistical significance in all three industries under study. This suggests that the results from above may be generalizable across many industries.
Finally, the large differential between the integrated model and the interaction model on the one hand, and the baseline models on the other hand imply synergy between knowledge inflows and internal knowledge. As theory would predict [14] , [33] , related internal knowledge increases the capacity to absorb knowledge from the outside. The project groups within the national laboratories are thus well advised to accumulate relevant knowledge prior to the beginning of a project [21] , hire ("graft") personnel with relevant knowledge [22] , and engage in organizational learning activities within the project group [15] - [19] .
Prior knowledge is an internal factor that tends to impact the relationship between knowledge inflows and organizational performance ( [14] , [34] - [38] ). Prior knowledge includes "basic skills, a shared language, and knowledge of the most recent scientific or technological developments in a given field" ( [14] , p. 131). Grafting on new members is a process through which an organization can rapidly gain new knowledge that has not been previously available within the organization. It primarily consists of moving people with relevant knowledge, experience and expertise from one organization or project group to another and integrating them into the project group [22] . These people could come from abroad [39] - [43] , from inside the country but outside the organization [22] or from within the organization but outside the project group [44] . Project internal learning activities help project group members learn from experience as they execute their own projects [23] , [45] , [46] . The activities typically include "asking questions, seeking feedback, sharing information, experimenting, and talking about errors" [23, p. 82] . PILAs also play an important role for project members to absorb external knowledge that they have gained from technology gatekeepers. These employees interact extensively with individuals and organizations outside their own [47] , [48] . They consequently bring technology into an organization from the outside.
The study that has been described in this paper is subject to a few limitations that can be overcome by follow-on research. Firstly, the study investigated the relative impact of knowledge inflows and internal knowledge as a whole on the performance of R&D project groups. It differentiates between the various sources of knowledge, but it does not determine how knowledge from particular sources affects the different criteria that have been established in this study. This limitation can be overcome extracting more data from the five regression models that have been run for this study. Secondly, this study is limited by the fact that it was conducted at the national laboratories of only one country, a latecomer to advanced technology. If the study were repeated in the national laboratories of other technology latecomer countries with similar results, then the results of this study may be generalizable to the national laboratories of other countries at similar levels of development. The study's generalizability could be enhanced even further, if the study were repeated at corporate laboratories and in the national laboratories of a variety of countries at different levels of technological development.
Conducting the follow-on research described in the previous paragraph may lead to significant contributions to theory. First and foremost, performing the recommended follow-on studies would characterize the impact of different forms of internal knowledge on the capacity to absorptive external knowledge from a variety of sources, which would contribute to an improved theoretical understanding of the absorptive capacity phenomenon. The follow-on research from above could also produce empirically grounded theory of how knowledge flows through national innovation systems and enhance the theoretical understanding of the role that the national laboratories play within their national innovation systems. 
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